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Abstract 

High blood pressure, a silent killer as it is often called, represents a major public health concern. A 
number of treatments are available, yet a large number of individuals fail to maintain proper blood 
pressure control. This highlights the need to find more effective ways for the prevention and 
supplementary approaches to the conventional therapeutic opions we have. This narrative review 
provides an overview of the available human evidence assessing various nutraceuticals showing 
potential in blood pressure control. A number fo essential elements, polyphenols, omega-3 fatty 
acids, probiotics and bioactive compounds including coenzyme Q10 and L-Arginine show 
promising results. A summary of their physiologic effects and research evidence behind blood 
control is given for every component. 

Keywords: blood pressure control; nutraceuticals; essential elements; polyphenols; omega-3 fatty 
acids; bioactive compounds; public health 

 

1. Introduction 

High blood pressure is an adjustable risk factor for cardiovascular illness and death globally 
impacting around 1.3 billion adults as reported by World Heath Organisation (WHO)and possibly 
increasing [1]. Despite the availability of effective treatments for hypertension, a large number of 
individuals still fail to maintain proper control, over their blood pressure. This persistent issue arises 
due to various elements, including patients failing to adhere to their medication regimen consistently 
encountering adverse effects from the treatments and the reality that relying on a single medication 
frequently falls short of fully lowering the residual risk of cardiovascular disease [2]. These challenges 
have heightened enthusiasm, for preventive and supplementary approaches that can be combined 
with conventional hypertension care. 

Present clinical recommendations highlight lifestyle changes—specifically eating habits and 
physical exercise—as the approach to managing blood pressure [3,4]. While adopting a lifestyle is 
beneficial it frequently falls short on its own—particularly for individuals, with metabolic disorders 
or vascular lining injury. In these cases nutraceuticals (substances obtained from foods that provide 
health benefits beyond basic nourishment) are viewed as supportive complementary therapies [5]. 
Growing data suggest that certain nutraceuticals may affect biological mechanisms associated with 
the control of blood pressure, such, as endothelial NO availability, vascular tone, inflammatory 
signaling and the renin–angiotensin system (RAS) thus enhancing standard pharmacological 
treatment [6]. 
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This analysis evaluates the existing data backing strategies, for controlling blood pressure within 
a comprehensive systems-oriented model. Unlike reviews that mainly focus on single compounds 
separately, it integrates findings across five mechanistically related groups: (1) minerals (magnesium, 
potassium, iodine, calcium); (2) polyphenols derived from tea, cocoa and berries; (3) omega-3 fatty 
acids; (4) probiotics influencing the gut–vascular axis; and (5) isolated bioactive substances, like 
coenzyme Q10 and L-arginine [6,7]. By clearly connecting how nutraceuticals work at the biological 
(molecular) level with evidence from human clinical trials—and by emphasizing how different 
nutrients interact with each other—this review takes a practical, clinical approach. It shows that 
nutraceuticals may (or may not) help reduce cardiovascular risk when used together with standard 
treatments, but they should not replace blood pressure medications. 

Methods and Literature Search Strategy 

A structured narrative review approach was used. PubMed, Google Scholar, Food Science and 
Technology Abstracts (FSTA), Web of Science, and Scopus databases were searched for peer-
reviewed articles published between 1990 and December 2025. Search terms included combinations 
of: “hypertension”, “blood pressure”, “nutraceuticals”, “minerals”, “potassium”, “magnesium”, 
“calcium”, “iodine”, “polyphenols”, “omega-3 fatty acids”, “probiotics”, and “dietary supplements”. 

Priority was given to all systematic reviews and meta-analyses, randomized controlled trials and 
major epidemiological studies. Mechanistic studies were included when they provided clear insight 
into biological pathways relevant to blood pressure regulation. 

International clinical guidelines were used to contextualize clinical relevance. Studies not 
published in English or Croatian, animal-only studies without clear translational relevance, and 
reports with insufficient methodological detail were excluded. 

A summary of identified nutraceuticals with positive effect on blood pressure in is provided in 
Table 1. 

Table 1. Nutraceuticals identified to have a potential positive impact on blood pressure control in human 
studies. 
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Potassium 

Increased 
natriuresis, reduced 
sodium retention, 
vascular smooth 
muscle 
hyperpolarization, 
partial RAAS 
suppression 

Strong evidence 
(RCTs, meta-
analyses) 

↓ SBP ~3–5 
mmHg; ↓ 
DBP ~2–3 
mmHg 

Avoid 
supplementation 
in advanced 
CKD or with 
potassium-
sparing diuretics 

Magnesium 

Calcium 
antagonism, 
improved 
endothelial 
function, reduced 
oxidative stress and 
inflammation 

Moderate–
strong evidence 

↓ SBP ~2–4 
mmHg 

Organic salts 
show better 
bioavailability; 
high doses may 
cause GI effects 
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Calcium 

Modulation of 
parathyroid 
hormone and 
RAAS activity 

Moderate 
evidence 
(dietary intake 
strongest) 

↓ SBP ~2–3 
mmHg 

Prefer dietary 
sources; caution 
with high-dose 
supplements 

Iodine 
Indirect effects via 
thyroid hormone 
regulation 

Epidemiological 
evidence 

Indirect / 
variable 

Both deficiency 
and excess may 
adversely affect 
BP 

Po
ly

ph
en

ol
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Cocoa flavanols 
(epicatechin) 

Increased eNOS 
activity, improved 
nitric oxide 
bioavailability, 
reduced arterial 
stiffness 

Strong evidence 
↓ SBP ~3–5 
mmHg 

Effects depend 
on flavanol 
content; sugar-
rich products 
not 
recommended 

Tea polyphenols 
(catechins, 
theaflavins) 

Improved 
endothelial 
function, reduced 
oxidative stress 

Moderate 
evidence 

↓ SBP ~2–3 
mmHg 

Benefits 
accumulate with 
habitual intake 

Berry 
anthocyanins 

Improved 
endothelial 
function, reduced 
inflammation and 
arterial stiffness 

Moderate 
evidence 

↓ SBP ~2–4 
mmHg 

Whole berries 
preferred over 
isolated 
supplements 
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EPA, DHA 

Improved 
endothelial 
function, anti-
inflammatory 
effects, reduced 
arterial stiffness, 
lower sympathetic 
activity 

Strong evidence 

↓ SBP ~4–5 
mmHg; ↓ 
DBP ~2–3 
mmHg 

DHA may be 
more potent; 
caution at high 
doses in 
bleeding risk 

Pr
ob

io
tic
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Lactobacillus, 
Bifidobacterium 
spp. 

SCFA production, 
reduced 
inflammation, ACE 
inhibition, 
improved gut 
barrier integrity 

Emerging–
moderate 
evidence 

↓ SBP ~2–4 
mmHg 

Effects depend 
on strain, dose, 
and duration 
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co
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 Coenzyme Q10 

Reduced oxidative 
stress, improved 
mitochondrial and 
endothelial 
function 

Moderate 
evidence 

↓ SBP ~5–17 
mmHg 

Generally well 
tolerated; 
formulation 
affects 
bioavailability 

L-Arginine 

Substrate for nitric 
oxide synthesis, 
improved 
endothelium-
dependent 
vasodilation 

Moderate 
evidence 

↓ SBP ~4–5 
mmHg 

Limited long-
term data; 
caution in severe 
cardiovascular 
disease 
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2. Essential Minerals and Blood Pressure Regulation 

Minerals are crucial in strategies for controlling high blood pressure. Beyond preserving 
electrolyte balance essential minerals assist in managing blood vessel activity promote signaling 
within the endothelium affect kidney sodium processing and modulate hormonal mechanisms 
related to blood pressure. These minerals work synergistically—their overall interaction is 
particularly significant. Notably the ratio of sodium to potassium in the diet is a reliable indicator of 
cardiovascular mortality, than sodium consumption alone [8]. 

Mechanistically, potassium, magnesium, calcium, and iodine influence blood pressure 
regulation through modulation of the renin–angiotensin–aldosterone system (RAAS), regulation of 
the Na⁺/K⁺-ATPase pump, effects on intracellular calcium signaling, and endocrine pathways 
affecting vascular function (Figure 1) [9,10]. Correction of mineral insufficiency therefore represents 
a generally low-risk strategy with potential population-level benefits for foundational blood pressure 
management. The principal biological pathways through which these minerals may influence blood 
pressure regulation are illustrated in Figure 1. 

 

Figure 1. Conceptual overview of mineral-related pathways potentially involved in blood pressure regulation. 
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2.1. Potassium: A Central Dietary Determinant of Blood Pressure 

Potassium ranks as an important dietary factor influencing blood pressure. Epidemiological 
research reliably shows that groups consuming levels of potassium—mainly sourced from fruits, 
vegetables, legumes and whole grains—experience lower blood pressure, throughout their lives and 
a decreased chance of stroke and cardiovascular incidents [11,12]. 

Multiple complementary processes play a role in the blood pressure-lowering effects of 
potassium. Within the kidneys higher potassium consumption encourages natriuresis by decreasing 
the activity of the sensitive sodium–chloride cotransporter in the distal convoluted tubule thus 
opposing sodium-driven volume expansion [13]. In the physiological system, potassium boosts 
Na⁺/K⁺-ATPase activity and triggers ATP-sensitive potassium (K_ATP) channels, in vascular smooth 
muscle cells. These effects promote membrane hyperpolarization and reduce intracellular calcium 
concentrations, resulting in vasodilation and a subsequent decrease in peripheral vascular resistance 
[14]. 

Clinical studies and systematic reviews validate the effectiveness of potassium supplementation 
in lowering blood pressure. An extensive meta-analysis revealed decreases in both systolic and 
diastolic blood pressure particularly in subjects, with hypertension and elevated initial sodium 
consumption [15]. This dose-related association highlights the role of potassium in reestablishing the 
sodium–potassium equilibrium instead of functioning as a standalone treatment [16]. 

Dietary potassium intake is safe and recommended for the vast majority of individuals. 
However, potassium supplementation should be used cautiously in patients with advanced chronic 
kidney disease or those receiving potassium-sparing diuretics (e.g., spironolactone) due to the risk of 
hyperkalemia [17]. 

2.2. Magnesium: A Physiological Calcium Antagonist 

Magnesium is an intracellular ion that participates in more than 300 enzymatic processes, such, 
as those regulating vascular smooth muscle tone, endothelial activity and electrolyte balance [18]. 
Inadequate magnesium consumption is common worldwide. Magnesium has been closely linked to 
hypertension, insulin resistance and metabolic syndrome [19,20]. 

Magnesium acts as an antagonist to calcium by vying with calcium at voltage-gated calcium 
channels thus preventing calcium from entering vascular smooth muscle cells. This mechanism 
diminishes smooth muscle contraction. Decreases peripheral vascular resistance [21,22]. Furthermore 
intracellular magnesium enhances Na⁺/K⁺-ATPase function aiding in the preservation of gradients 
essential for vasodilation [23]. Apart from its vascular impacts, magnesium enhances endothelial 
function by decreasing oxidative stress boosting NO availability and diminishing systemic 
inflammation evidenced by decreased levels of C-reactive protein [24,25]. 

Evidence from randomized controlled trials indicates that magnesium supplementation 
produces modest but clinically meaningful reductions in blood pressure. Meta-analyses report 
average reductions in systolic blood pressure of approximately 2–4 mmHg, particularly in 
individuals with hypertension or low baseline magnesium status [26,27]. The antihypertensive 
response is influenced by magnesium formulation, with organic salts (e.g., magnesium citrate, 
glycinate, or lactate) demonstrating superior bioavailability compared with inorganic forms such as 
magnesium oxide, which is poorly absorbed and frequently associated with gastrointestinal side 
effects [28]. 

2.3. Calcium: The Dietary Calcium Paradox 

Calcium has a function in cardiovascular physiology. Although intracellular calcium facilitates 
contraction of smooth muscle and vasoconstriction sufficient dietary calcium consumption has been 
reliably linked to reduced blood pressure in both observational and intervention studies [29]. This 
negative correlation is believed to result from calcium’s influence, on hormone (PTH) secretion and 
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the renin–angiotensin system. Insufficient dietary calcium triggers PTH release, which raises calcium 
levels in vascular smooth muscle cells leading to vasoconstriction and high blood pressure [30,31]. 

Extensive dietary studies, such as the DASH (Dietary Approaches to Stop Hypertension) trial 
have shown that diets high, in calcium considerably lower blood pressure [11]. Meta-analyses of trials 
involving calcium supplements also indicate statistically meaningful, yet moderate decrease in blood 
pressure [33]. 

Nonetheless a controversial “calcium paradox” is present regarding supplementation. Although 
dietary calcium seems to offer protection, high-dose calcium supplements—especially when taken 
without vitamin D or magnesium—have been linked to heightened vascular calcification and 
cardiovascular risk [34]. As a result, current evidence favors achieving recommended calcium intakes 
(approximately 1,000–1,200 mg/day) through dietary sources such as dairy products, leafy green 
vegetables, and fortified foods, rather than through isolated high-dose supplements [35]. 

2.4. Iodine: Thyroid-Mediated Blood Pressure Regulation 

In contrast to potassium and magnesium, iodine does not have a vasodilatory action. Rather its 
effect on blood pressure occurs via its function, in the production of thyroid hormones. Thyroid 
hormones (T₃ and thyroxine T₄) control metabolic rate, heart output, systemic vascular resistance and 
endothelial performance [36]. 

Both insufficient and excessive iodine levels interfere with thyroid balance and may negatively 
impact blood pressure control.Hypothyroidism, commonly linked to iodine scarcity, raises vascular 
resistance and arterial rigidity mainly leading to diastolic hypertension. In contrast, 
hyperthyroidism—possibly caused by much iodine consumption—increases cardiac output and can 
cause systolic hypertension [37,38]. Thyroid hormones also directly affect tissues with T₃ encouraging 
endothelial NO synthesis and aiding vasodilation [39]. 

Although iodine is not a primary antihypertensive agent, maintaining euthyroid status is a 
prerequisite for optimal cardiovascular and blood pressure regulation. Epidemiological studies 
demonstrate a U-shaped association between iodine intake and hypertension, with both insufficient 
and excessive intake linked to adverse effect on blood pressure [40]. Clinically, the emphasis remains 
on ensuring adequate iodine intake through dietary sources such as iodized salt and seafood, while 
avoiding high-dose supplementation that may precipitate thyroid dysfunction [41,42]. 

3. Polyphenols and Blood Pressure Regulation 

Polyphenols are diverse group of bioactive compounds that can be find in foods and drinks that 
come from plants. Polyphenols are important topic because they might have m positive impact for 
heart and blood vessels which will be reviewed in this paper. Many studies have shown that some 
foods that are rich in polyphenols can help lower blood pressure, which is especially important for 
people who already have problems with their blood vessels or are at risk for heart disease. 
Polyphenols may help make NO more available in the body. They also may reduce the effects of 
oxidative stress and inflammation. 

In this section, the evidence on polyphenols is presented across three major dietary sources with 
the strongest human data: (1) cocoa flavanols, (2) tea catechins and theaflavins, and (3) berry-derived 
anthocyanins. For each subgroup, mechanistic pathways, results from randomized controlled trials 
and meta-analyses, and relevant clinical considerations are summarized in order to contextualize 
their potential role as adjunctive nutraceutical strategies in blood pressure management. 

3.1. General Mechanisms of Polyphenol Action in Blood Pressure Regulation 

Dietary polyphenols constitute an structurally varied class of plant-derived secondary 
metabolites that have garnered growing interest for their possible advantages in cardiovascular 
health. These substances are commonly found in plant-origin foods and drinks such, as cocoa, tea, 
berries, fruits, vegetables and red wine. An increasing amount of epidemiological and clinical 
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research indicates that dietary polyphenols might aid in controlling blood pressure via several 
interconnected mechanisms related to endothelial function, oxidative stress, inflammation and 
vascular architecture [43,44]. 

A major pathway through which polyphenols affect tone and blood pressure is by boosting the 
availability of endothelial NO. NO plays a role in maintaining vascular balance and disrupted NO 
signaling is a hallmark of endothelial dysfunction, in hypertension. Multiple polyphenols have 
demonstrated the ability to activate nitric oxide synthase (eNOS) via phosphorylation-related 
signaling routes, leading to greater NO availability and enhanced endothelium-dependent 
vasodilation [45,46]. These outcomes might lower vascular resistance and help in slightly decreasing 
systolic and diastolic blood pressure. 

Polyphenols can also impact stress by regulating reactive oxygen species (ROS) generation and 
antioxidant defense mechanisms; rather than functioning mainly as direct radical scavengers, they 
appear to diminish oxidative stress by inhibiting ROS-producing enzymes such as NADPH oxidase 
and by protecting nitric oxide (NO) from oxidative degradation. [47]. By curbing stress, polyphenols 
contribute to preserving endothelial function and may reduce vascular stiffening linked to 
hypertension and atherosclerosis [48]. 

Furthermore polyphenols have demonstrated the ability to regulate signaling cascades 
associated with vascular impairment. Research findings suggest that polyphenols can affect agents, 
particularly pathways involving nuclear factor κB (NF-κB) which leads to decreased activation and 
vascular inflammation [49]. Additional processes that might indirectly aid in managing blood 
pressure encompass the suppression of angiotensin-converting enzyme (ACE) activity, adjustment 
of endothelin-1 synthesis and enhancement of insulin sensitivity [50,51]. Taken together, these 
measures indicate that polyphenols exert significant effects on vascular health, with important 
implications for both the prevention and management of hypertension. 

3.2. Cocoa and Flavanols 

Flavanols obtained from cocoa are some of the thoroughly researched polyphenols when it 
comes to effects on vascular health and blood pressure control. The main active components in cocoa 
comprise (–)-epicatechin, catechin and oligomeric procyanidins, all of which have been regularly 
linked to enhancements, in performance and arterial flexibility (see Figure 2 for catechin structure) 
[52,53]. 

Mechanistic research suggests that cocoa flavanols boost NO availability by stimulating eNOS 
activity and decreasing breakdown of NO [54]. Both short-term and prolonged intake of flavanol-rich 
cocoa items have been demonstrated to enhance flow-mediated dilation (FMD) a common non-
invasive indicator of endothelial function indicating improved vasodilatory ability [55]. Additionally 
cocoa flavanols have been found to lower stiffness and wave reflection leading to beneficial impacts, 
on central hemodynamics [56]. 

Findings from controlled trials and meta-analyses show that consistent intake of flavanol-rich 
cocoa or dark chocolate corresponds with small yet statistically significant decreases in both systolic 
and diastolic blood pressure especially in people with hypertension or compromised endothelial 
function [57,58]. Meta-analytical evidence indicates reductions in systolic blood pressure of, around 
3–5 mmHg, which could have clinical importance from a population perspective [59]. 

The impact of cocoa products on health is largely influenced by the flavanol levels and the 
techniques used in processing. Numerous chocolate items on the market possess low flavanol 
amounts alongside elevated sugar and saturated fat content potentially diminishing their beneficial 
effects [60]. Hence, using cocoa products high in flavanols is more suitable, for assessing therapeutic 
outcomes. 
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Figure 2. Chemical structure of (-)-catechin (a flavan-3-ol polyphenol found in cocoa and tea). Source: 
Catechin.png, public domain, Wikimedia Commons. 

3.3. Tea Polyphenols: Green and Black Tea 

Tea is among the most widely consumed beverages worldwide and represents a major dietary 
source of polyphenols. Green tea is particularly rich in catechins, especially epigallocatechin gallate 
(EGCG), whereas black tea contains theaflavins and thearubigins formed through enzymatic 
oxidation.Although their polyphenol profiles differ, both green and black tea have been linked to 
impacts, on vascular health and the control of blood pressure [61,62]. 

Catechins found in tea have demonstrated the ability to enhance endothelial function by 
increasing NO availability lowering oxidative stress and boosting insulin sensitivity [63]. EGCG is 
known to stimulate eNOS and influence inflammatory signaling pathways aiding in vascular 
responsiveness [64]. Polyphenols in tea produce comparable vascular benefits though variations, in 
their bioavailability and metabolism could affect their physiological effects [65]. 

Observational research, randomized controlled trials and meta-analyses suggest that consistent 
tea drinking is linked to decreases in both systolic and diastolic blood pressure [66]. A meta-analysis 
of intervention studies found that continuous intake of black tea for a minimum of 12 weeks led to 
an average systolic blood pressure drop of about 2–3 mmHg [67]. While these reductions are modest 
for individuals they could have public health consequences due, to the extensive consumption of tea. 

3.4. Berries and Anthocyanins 

Berries are a rich dietary source of anthocyanins, a class of flavonoids responsible for the red, 
blue, and purple pigmentation of fruits such as blueberries, strawberries, blackberries, and cherries. 
The vascular protective effects of anthocyanins, along with their potential role in blood pressure 
regulation, have been the focus of increasing research interest [68,69]. 

Anthocyanins have demonstrated the ability to enhance function via several mechanisms, such 
as increasing NO bioavailability lowering oxidative stress and regulating inflammatory pathways 
[70]. Beyond impacts there is some evidence indicating that anthocyanins could affect vascular 
structure, including decreases in arterial stiffness and enhancements, in microvascular function [71]. 

Clinical trials evaluating whole-berry consumption or anthocyanin supplementation have 
reported modest reductions in blood pressure, particularly in individuals with hypertension or 
elevated cardiovascular risk [72]. Meta-analyses indicate that anthocyanin-rich interventions may 
reduce systolic blood pressure by approximately 2–4 mmHg, with variability depending on dose, 
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duration, and berry source [73]. Overall, current evidence supports the inclusion of anthocyanin-rich 
foods as part of a polyphenol-rich dietary pattern aimed at improving vascular health and supporting 
blood pressure control. 

4. Omega-3 Fatty Acids 

Omega-3 polyunsaturated fatty acids (PUFAs) are dietary fats that play an important role in 
cardiovascular health and have been extensively studied for their effects on blood pressure 
regulation.The main omega-3 fatty acids pertinent to biology are eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) mostly obtained from marine origins along with α-linolenic acid (ALA), 
from plant-based sources [90]. Of these EPA and DHA have shown the reliable blood pressure-
lowering benefits, in both laboratory and clinical studies [75,91]. 

4.1. Mechanisms Underlying the Antihypertensive Effects of Omega-3 Fatty Acids 

Omega-3 fatty acids influence blood pressure through synergistic mechanisms that target 
vascular health, inflammation, and neurohormonal regulation. A key pathway involves enhancement 
of endothelial function by increasing nitric oxide (NO) availability.EPA and DHA integrate into cell 
membranes enhancing membrane flexibility and stimulating endothelial nitric oxide synthase 
(eNOS) activity, which leads to better vasodilation [74,75]. 

Furthermore omega-3 fatty acids demonstrate anti-inflammatory properties by altering 
eicosanoid synthesis and generating specialized pro-resolving lipid mediators, including resolvins 
and protectins [79]. These substances diminish inflammation and endothelial activation, which are 
strongly associated with higher vascular resistance and hypertension [80]. Additionally omega-3 fatty 
acids decrease oxidative stress, by suppressing NADPH oxidase activity and boosting defense 
mechanisms thus maintaining NO bioavailability [76]. 

Omega-3 fatty acids also aid in controlling blood pressure by decreasing rigidity and enhancing 
arterial flexibility especially in major elastic arteries [81,82]. Other processes involve adjusting 
nervous system function marked by lowered sympathetic activity and slight suppression of the 
renin–angiotensin–aldosterone system (RAS) which together help reduce blood pressure [74,75]. 

4.2. Clinical Evidence for Blood Pressure Reduction 

The blood pressure-lowering properties of omega-3 fatty acids have been investigated in 
randomized controlled trials and meta-analyses. Initial clinical research showed that 
supplementation with doses of fish oil led to notable decreases in systolic and diastolic blood pressure 
especially in patients with untreated hypertension [84]. Subsequent meta-analyses have validated 
these results showing dose-related declines in blood pressure, in groups [86]. 

A comprehensive meta-analysis of controlled trials found that omega-3 fatty acid 
supplementation lowered systolic blood pressure by around 4–5 mmHg and diastolic blood pressure 
by 2–3 mmHg in people with hypertension with lesser yet still meaningful effects seen in individuals 
with normal blood pressure [85]. Importantly DHA seems to have a potent blood pressure–reducing 
effect compared to EPA possibly because of its more pronounced influence, on arterial stiffness and 
endothelial function [82,87]. 

Regular consumption of fatty fish providing omega-3 fatty acids has been linked to decreased 
blood pressure and a lower risk of hypertension in observational research [88]. Nonetheless the 
human conversion of ALA, into EPA and DHA is restricted, which could account for the more 
inconsistent antihypertensive outcomes seen with plant-derived omega-3 sources [89]. 

4.3. Safety, Dosage, and Clinical Considerations 

Omega-3 fatty acid supplements are generally safe and well tolerated when taken within 
recommended limits. Reported side effects are usually mild, including digestive discomfort and a 
fishy aftertaste, while higher doses may slightly increase bleeding risk in susceptible individuals 
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[75,91]. Existing data indicate that daily consumption of 2–3 g of combined EPA and DHA works best 
for lowering blood pressure although smaller doses can still offer advantages if taken regularly [91]. 

Interindividual variability in response to omega-3 supplementation may be influenced by 
baseline blood pressure, habitual diet, genetic factors, and the EPA:DHA ratio of the supplement 
[74,75]. Consequently, omega-3 fatty acids should be considered an adjunctive nutraceutical strategy 
rather than a replacement for pharmacological therapy in individuals with established hypertension. 

5. Probiotics and the Gut–Vascular Axis 

The gut microbiome is progressively acknowledged as a modulator of cardiovascular well-being 
affecting blood pressure via intricate interactions between microbial metabolites, host metabolism, 
immune functions and vascular health. Increasing research evidence backs the idea of a gut– axis, in 
which changes, in gut microbial makeup and metabolic processes play a role in the onset and 
advancement of hypertension [93,94]. In this context probiotics—described as living microbes that 
provide health advantages when given in quantities—have appeared as possible nutraceutical 
options, for controlling blood pressure [99]. 

5.1. Gut Microbiota Dysbiosis and Hypertension 

Hypertension has consistently been linked to gut microbiota imbalance, marked by reduced 
microbial diversity and shifts in the relative abundance of key bacterial taxa, including a depletion of 
short-chain fatty acid–producing genera such as Faecalibacterium, Roseburia, and Bifidobacterium, 
alongside an increased abundance of potentially pro-inflammatory taxa such as Prevotella, 
Desulfovibrio, and members of the Enterobacteriaceae family. [93]. Findings from models and human 
observational research show that people with hypertension have different gut microbial 
compositions compared to normotensive individuals, especially concerning bacteria associated with 
short-chain fatty acid (SCFA) synthesis and inflammation control [94]. Experimental data back up a 
role of the gut microbiota in managing blood pressure. In animal studies transferring microbiota from 
hypertensive donors to normotensive recipients has demonstrated an elevation in blood pressure 
while transplantation from normotensive donors provides protective benefits [99]. These results 
emphasize the importance of metabolites and host–microbe interactions, in maintaining vascular 
homeostasis. 

5.2. Mechanisms Linking Probiotics to Blood Pressure Regulation 

A key way probiotics might affect blood pressure is by generating short-chain fatty acids, like 
acetate, propionate and butyrate via the fermentation of fibers. These SCFAs engage with host 
receptors, including G protein–coupled receptors (GPR41 and GPR43) found in vascular, kidney and 
immune system tissues resulting in vasodilation and alteration of nervous system function [94]. 

Probiotics can additionally influence blood pressure by modulating the gut system and reducing 
inflammation, as dysbiosis-induced increases in intestinal permeability allow pro-inflammatory 
microbial components such as lipopolysaccharides to enter circulation, triggering systemic 
inflammation and endothelial dysfunction [94]. Adding probiotics has been demonstrated to 
strengthen the gut barrier, inflammatory markers, in the bloodstream and enhance endothelial 
performance—mechanisms strongly associated with the development of hypertension [99]. 

Other mechanisms involve altering the angiotensin system (RAS). Some probiotic strains 
produce peptides that inhibit angiotensin-converting enzyme (ACE) thus producing effects similar, 
to pharmacological ACE inhibitors but through a nutraceutical approach [95]. Additionally probiotics 
can impact bile acid metabolism, stress and insulin sensitivity which may indirectly influence 
vascular health and the control of blood pressure [96]. 
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5.3. Clinical Evidence for Probiotic Interventions 

Clinical studies assessing supplementation have found small yet statistically meaningful 
decreases in blood pressure. Meta-analyses of controlled trials suggest that probiotics can lower 
systolic blood pressure by around 2–4 mmHg and diastolic blood pressure by 1–2 mmHg with 
stronger effects seen in those, with hypertension or metabolic disorders [97,98]. 

The blood pressure-lowering effectiveness of probiotics seems to rely on aspects, such as the 
choice of strain the amount administered length of treatment and initial blood pressure levels. 
Formulations with strains and treatment periods of 8–12 weeks or longer generally show more 
reliable reductions in blood pressure compared to short-term or single-strain research [99]. The 
majority of trials have concentrated on strains, from the Lactobacillus and Bifidobacterium genera 
though new data indicates that next-generation probiotics might provide further cardiovascular 
advantages [100]. 

5.4. Limitations and Future Perspectives 

Although the results are promising multiple limitations must be taken into account when 
evaluating the blood pressure-lowering effects of probiotics. Significant variation in strains, dosing 
schedules, study participants and measured outcomes restricts direct study comparisons and 
prevents conclusive statements [101]. Additionally differences in gut microbiota among individuals 
might affect how they respond to treatment underscoring the possible need, for personalized 
strategies [102]. 

Future studies should focus on identifying the specific probiotic strains and microbial 
metabolites most relevant to blood pressure regulation, as well as clarifying the interactions between 
probiotics, diet, and host factors. Well-designed, long-term randomized controlled trials are needed 
to determine optimal formulations and to establish the role of probiotics as adjunctive therapies for 
managing hypertension.5.5. Summary 

In summary, probiotics represent a mechanistically plausible nutraceutical approach to blood 
pressure management through modulation of the gut–vascular axis. By influencing microbial 
metabolite production, inflammatory signaling, endothelial function, and neurohormonal pathways, 
probiotics may confer modest but clinically relevant benefits, particularly when incorporated into 
comprehensive dietary and lifestyle interventions. 

6. Coenzyme Q10 and L-Arginine 

Coenzyme Q10 (CoQ10) and L-arginine are biological substances that affect blood pressure 
control mainly by impacting mitochondrial activity oxidative stress levels and NO availability. 
Unlike minerals or polyphenols, these substances exert a more direct influence on cellular energy 
metabolism and the signaling mechanisms of the endothelium rendering them especially pertinent, 
in medical situations marked by endothelial impairment and heightened oxidative stress, including 
hypertension [106,107]. 

6.1. Coenzyme Q10 

Coenzyme Q10, also known as ubiquinone, is a lipid-soluble molecule essential for 
mitochondrial electron transport and the production of adenosine triphosphate (ATP). In addition to 
its role in energy generation, CoQ10 functions as a natural antioxidant, protecting cell membranes 
and lipoproteins from oxidative damage [108,109]. 

Lower circulating and tissue concentrations of CoQ10 have been observed in patients with 
hypertension and various cardiovascular diseases indicating a link to blood pressure imbalance [107]. 
The blood pressure-lowering properties of CoQ10 are believed to result from enhancing endothelial 
function and maintaining redox equilibrium. CoQ10 reduces oxidative stress by neutralizing reactive 
oxygen species and regenerating other antioxidants, including vitamin E, thereby supporting the 
maintenance of nitric oxide availability [104,109]. Improved induced vasodilation correlates with 
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decreases, in peripheral vascular resistance and blood pressure [111,112]. Moreover CoQ10 has 
demonstrated the ability to enhance function in both vascular and cardiac tissues potentially aiding 
vascular tone and heart function [108]. 

Clinical research examining CoQ10 supplementation has found clinically meaningful declines 
in blood pressure especially among those with uncontrolled or resistant hypertension. Randomized 
controlled trials and meta-analyses have shown drops in systolic and diastolic blood pressure with 
average decreases typically between about 5 to 17 mmHg for systolic and 3 to 10 mmHg, for diastolic 
readings [113,114]. Meta-analyses indicate that CoQ10 can reduce blood pressure; however 
significant variability, in study design, dosage and sample size requires consideration when 
interpreting these results [113]. 

CoQ10 supplementation is usually well accepted, exhibiting a safety profile with minimal side 
effects noted at typical doses (generally 100–300 mg/day) [115,116]. However, variations in 
formulation, absorption, and study design, along with a lack of long-term trials, underscore the need 
for more rigorous research to establish standardized dosing guidelines and clarify the long-term 
cardiovascular effects [117]. 

6.2. L-Arginine 

L-arginine is an essential amino acid acting as the main substrate for endothelial nitric oxide 
synthase (eNOS) and thus plays a crucial role in NO generation and vascular health [105]. A decrease 
in L-arginine levels and compromised NO production are traits of endothelial dysfunction and high 
blood pressure supporting the mechanistic basis, for using L-arginine supplements in controlling 
blood pressure [105]. 

L-arginine supplementation boosts NO generation resulting in endothelium- vasodilation, better 
arterial flexibility and lowered peripheral vascular resistance [119]. Beyond its role, in NO production 
L-arginine is reported to affect oxidative stress and inflammation pathways thus promoting 
endothelial function [120]. Research also indicates L-arginine might affect insulin sensitivity and 
autonomic nervous system regulation potentially aiding in blood pressure management indirectly 
[120]. 

Clinical data on the blood pressure-lowering effects of L-arginine are varied but mostly 
favorable. Multiple randomized controlled studies have observed decreases in blood pressure after 
oral L-arginine intake especially among patients with hypertension, metabolic syndrome or 
compromised endothelial function [119]. Meta-analyses of these trials show drops of about 4–5 
mmHg in systolic and 2–3 mmHg, in diastolic blood pressure [121,122]. 

The extent of response to L-arginine supplementation seems to be influenced by NO levels 
amount administered length of treatment and existing comorbidities [122]. High doses may cause 
complications, so caution is advised for patients with severe cardiovascular conditions or those 
taking medications that could interact. [123]. Evidence on long-term effectiveness is still scarce and 
other approaches focusing on the NO pathway—, like L-citrulline supplementation potentially 
providing better bioavailability—have been suggested [124]. 

6.3. Summary 

In summary, Coenzyme Q10 and L-arginine represent mechanistically distinct nutraceutical 
strategies for blood pressure management. CoQ10 primarily acts by enhancing mitochondrial 
function and reducing oxidative stress, whereas L-arginine directly promotes nitric oxide synthesis 
and endothelium-dependent vasodilation. Both compounds have shown modest antihypertensive 
effects in clinical studies, particularly in populations with endothelial dysfunction. Nevertheless, 
large-scale, long-term randomized trials are needed to confirm their sustained efficacy and to 
establish their optimal role in clinical practice. 
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7. Nutrients Influencing Endothelial Function and the Renin–Angiotensin 
System (RAS) 

Impaired function and dysregulation of the renin–angiotensin system (RAS) are key 
pathophysiological features of hypertension, contributing significantly to increased vascular 
resistance, arterial stiffness, and elevated cardiovascular risk. The vascular endothelium plays a 
central role in regulating vascular tone, inflammation, thrombosis, and oxidative balance, while the 
RAS is a critical hormonal system that controls blood pressure through effects on vasoconstriction, 
sodium homeostasis, and sympathetic nervous system activation [125,126]. Increasing data suggests 
that certain nutrients and nutraceuticals can affect performance and RAS function thus offering 
additional approaches, for controlling blood pressure. 

7.1. Endothelial Function as a Target for Nutraceutical Intervention 

Dysfunctional endothelial activity, frequently marked by lowered oxide (NO) availability and 
heightened oxidative stress is a key feature of hypertension and frequently occurs before obvious 
cardiovascular disease manifests [127]. Multiple nutrients highlighted in this review—such as 
polyphenols, omega-3 fatty acids, magnesium, L-arginine and coenzyme Q10—have shown impacts, 
on endothelial function via somewhat overlapping pathways [128,129]. Polyphenols, flavanols boost 
endothelial NO synthesis by activating endothelial nitric oxide synthase (eNOS) and by decreasing 
oxidative degradation of NO [130]. Omega-3 fatty acids enhance performance, by exerting anti-
inflammatory actions modifying membrane composition and regulating eNOS signaling pathways 
[131]. Magnesium maintains health by affecting calcium balance lessening oxidative stress and 
lowering low-grade inflammation [22]. L-arginine acts as the substrate for eNOS and may increase 
NO production when availability is compromised whereas coenzyme Q10 maintains NO 
bioavailability mainly via its antioxidant effects and support of mitochondrial function [109,133]. 
Collectively these actions correlate with endothelium-dependent vasodilation and diminished 
vascular impairment, in hypertension [135]. 

7.2. Nutritional Modulation of the Renin–Angiotensin System 

The RAS regulates blood pressure and extracellular fluid balance, with angiotensin II acting as 
a potent vasoconstrictor and pro-inflammatory mediator; prolonged activation of this system can 
lead to structural vascular changes and sustained hypertension. [136]. Various nutrients and bioactive 
substances affect RAS function at regulatory points. Increased dietary potassium reduces release and 
lessens angiotensin II–induced vasoconstriction thus opposing the blood pressure-raising impact of 
too much sodium consumption [137]. Magnesium might indirectly influence RAS signaling by 
impacting stress and insulin sensitivity, which in turn affect renin and aldosterone function [138]. 
Some polyphenols, such, as flavanols and catechins show angiotensin-converting enzyme (ACE) 
effects resulting in decreased angiotensin II production and improved vasodilation [50]. Moreover 
certain bioactive peptides derived from probiotics possess ACE- capabilities connecting gut 
microbiota-related pathways to RAS control [95]. Omega-3 fatty acids additionally reduce RAS-
associated impairment, by inhibiting angiotensin II–triggered inflammation and oxidative damage 
[80]. 

7.3. Integrated Effects on Vascular Remodeling and Blood Pressure 

Apart from the impact on vascular tone, long-term adjustment of endothelial function and RAS 
activity can affect vascular remodeling, which entails structural alterations, in the arterial wall 
contributing to chronic hypertension [142]. Nutrients that diminish stress, inflammation and 
angiotensin II pathways might aid in preventing harmful remodeling and enhance arterial flexibility 
gradually [143]. These combined effects underscore the importance of overall dietary patterns rather 
than focusing solely on individual nutrients. Diets rich in fruits, vegetables, whole grains, fatty fish, 
and fermented foods—such as the DASH and Mediterranean diets—naturally provide many of these 
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bioactive compounds and have consistently demonstrated blood pressure-lowering effects in 
controlled clinical trials [11,145]. 

7.4. Clinical and Translational Implications 

From a standpoint nutraceuticals affecting endothelial performance and RAS function could be 
especially significant for patients with early hypertension, endothelial impairment or ongoing 
cardiovascular risk despite drug treatments [146]. Although these interventions cannot replace drugs 
in high-risk groups they might act as helpful complementary approaches to enhance vascular 
function and aid in managing blood pressure [4]. Nonetheless, interindividual variability, 
inconsistent nutraceutical formulations, and limited long-term outcome data remain significant 
challenges. Future research should prioritize well-designed randomized controlled trials with 
clinically meaningful endpoints and identify the patient populations most likely to benefit from 
targeted nutraceutical interventions [148]. 

7.5. Summary 

In summary, current evidence supports a role for selected nutrients and nutraceuticals in 
modulating endothelial function and the renin–angiotensin system—two fundamental mechanisms 
in blood pressure regulation. Through complementary actions on NO bioavailability, oxidative 
stress, inflammation, and hormonal signaling pathways, these compounds represent biologically 
plausible and clinically relevant components of dietary strategies for the prevention and management 
of hypertension. 

8. Conclusions 

Hypertension continues to be the primary cause of cardiovascular illness and death worldwide. 
Despite effective drug treatments exist, blood pressure control is often unattained. The data compiled 
in this narrative review show that nutraceuticals can serve as a supplementary option in managing 
blood pressure by addressing crucial pathophysiological factors, such as endothelial dysfunction, 
oxidative damage, inflammation, vascular rigidity, gut–vascular communication and disturbances in 
the renin–angiotensin system. Key minerals, foods abundant in polyphenols, omega-3 fatty acids, 
probiotics and particular bioactive agents like coenzyme Q10 and L-arginine demonstrate clinically 
significant decrease in blood pressure, especially among hypertensive individuals, metabolic issues 
or endothelial dysfunction. Notably, these impacts seem to be cumulative and synergistic when 
nutraceuticals are taken as part of dietary regimens rather than, as standalone high-dose 
supplements. 

When we look at the public health picture, these findings tell us that using nutraceuticals might 
be a good strategy to help manage high blood pressure. Nutraceuticals are not meant to take the place 
of the medicines that doctors prescribe or the changes we make to our lifestyle. Instead nutraceuticals 
can work together with these things to help keep our blood pressure under control. The goal is to 
manage hypertension and nutraceuticals can be an addition, to the other things we are already doing 
to manage hypertension. 

The change in blood pressure for each person is usually not that big. When you look at the whole 
population even small changes in average blood pressure can make a big difference. This means that 
fewer people will have heart problems and die from them. So even if a treatment only lowers blood 
pressure a bit it can still have a big impact on the health of the population. This is especially true if 
the treatment is safe and lots of people can get it. Blood pressure reduction can have an effect on 
public health. Even small reductions, in blood pressure can be very important. 

There are still problems when it comes to using nutraceutical research to help people. One of the 
issues is that all the studies are very different. They use designs and different supplements and the 
dosage and how long people take them varies a lot. People also react to these supplements in ways. 
This makes it really hard to come up with rules for doctors to follow. 
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To fix these problems we need to do research. We should do studies that last a long time and 
compare different groups of people. We need to make sure everyone in the study is taking the 
supplement and that we are measuring the right things to see if it is working. We also need to look 
at the types of people in the study to see who is most likely to get better from taking nutraceuticals. 
This way we can give doctors advice, on how to use nutraceuticals to help their patients. 

Within this context, the targeted integration of evidence-based nutraceuticals into personalized 
dietary and therapeutic frameworks represents a pragmatic, low-risk strategy for improving vascular 
health and supporting blood pressure control across the continuum of cardiovascular risk. 
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PUFA Polyunsaturated fatty acid 
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